SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 



BE IT KNOWN THAT I, YOSHIYUKI SASAKI, a 
citizen of Japan residing at Tokyo, Japan have 
invented certain new and useful improvements in 

METHOD FOR STORING INFORMATION WHILE RECORDING MEDIA 
IS FORMATTED IN PARALLEL 



of which the following is a specification:- 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method 
for storing and reproducing information using 
rewritable information recording media such as a CD- 
RW (Compact Disc - Rewritable) and a DVD+RW (Digital 
Video or Versatile Disc + Rewritable) , and further to 
an information storing/reproduction apparatus, an 
information processing system including the same, and 
a computer program used on the same. 

2. Description of the Related Art 

One of a plurality of standard file systems 
for rewritable information recording media such as 
the CD-RW and the DVD+RW is called Universal Disc 
Format (UDF) . Utilizing a recording format suitable 
for each kind of device, UDF is applied to various 
devices. Since the CD-RW and the DVD+RW are capable 
of random access, Random UDF is used. 

It is necessary to format a CD-RW disc by 
storing dummy data to the entire recording region or 
a designated recording region of the disc in order to 
store or to reproduce data at random. A DVD+RW also 
must be formatted by storing dummy data in an 
unrecorded region to achieve compatibility with 
conventional DVD-ROM drives. 



Time required to format a disc increases 
proportionally as the memory capacity of the disc 
increases because the entire disc or a designated 
region of the disc must be filled with dummy data. 

The Japanese Laid-open Patent Application No. 
11-134799 describes an information 

storing/reproducing apparatus which formats a disc in 
the background so that a user could store and/or 
reproduce data in a short period of time after 
requesting to format the disc. Though the application 
describes an embodiment of the background formatting 
of a CD-RW disc, the background formatting of a 
DVD+RW disc is also suggested. 

The background formatting fills the 
unformatted region of a disc with dummy data while 
the user does not request for storing or reproducing 
data. When the user does request for -data storing or 
reproduction while the disc is being formatted, the 
user's request is performed by interrupting the 
formatting process. 

While the formatting is performed in the 
background,, the data storing and/or reproduction 
requested by the user and . the dummy data storing as a 
formatting process are to be executed in parallel. 

On the other hand, the user can store data 



on the disc and reproduce it by designating addresses 
at random. In the case of a constant linear velocity 
(CLV) disc such as a CD or a DVD, however, the 
rotational speed of the disc must be changed 
depending on the radial position of a designated 
memory address on the disc, which lowers the 
performance of information the storing/reproducing 
apparatus . 

The Japanese Laid-open Patent Application No. 
2000-11524 describes an information storing and 
reproducing apparatus that stores data on a disc and 
reproduces the data in a constant angular velocity 
(CAV) mode to avoid such a problem. Since the CAV 
mode does not change the rotating speed of the disc 
depending on a designated address, it is suitable for 
the Random UDF . In the CAV mode, the storing and 
reproducing speed at an inner radius is lower than 
that at an outer radius, that is, the storing and 
reproducing speed increases as a designated address 
becomes higher. 

Most information storing and reproducing 
apparatuses support both the CAV mode and the CLV 
mode, the CLV mode having the same linear speed as 
the CAV mode does at the outer radius. For example, a 
CD-RW disc storing and reproducing apparatus having a 



quadruple speed at the inner radius and a ten times 
speed at the outer radius usually supports the CLV 
mode of the ten times speed. If data is to be stored 
sequentially by the information storing and 
reproducing apparatus above, the ten times speed CLV 
mode is more efficient than the CAV mode. 

The CLV mode fits to the background 
formatting because formatting, including background - 
formatting, is a sequential data storing process. For 
Random UDF, the CAV mode is suitable. 

As described above, the method for 
controlling disc rotation, CAV or CLV, suitable for 
the storage/reproduction of user data is not 
necessarily identical to the method suitable for 
controlling disc rotation for background formatting. 

Background formatting is sometimes 
interrupted by a user's request for the storage and 
reproduction of data, and resumed after performing 
the user's request. Since the speed of background 
formatting is different from the speed of the storage 
and reproduction of data based on the user's request, 
a period of time to change the rotation speed is 
required when the background formatting is 
interrupted, and when it is resumed. The period 
required for changing the rotation speed of the disc 



results in low efficiency in the storage/reproduction 
of data, as well as delay in background formatting. 



SUMMARY OF THE INVENTION 

Accordingly , it is a general object of the 
present invention to provide a novel and useful 
method and apparatus for storing and reproducing 
information, which ensures the highest efficiency for 
both formatting and storing and reproducing of user 
data, while both processes proceed in parallel, by 
properly controlling the rotation speed of the disc. 

Another and more specific object of the 
present invention is to provide a method and 
apparatus for storing/reproducing information, which 
sustains reasonable efficiency in the storage and 
reproduction of user data by reducing the frequency 
of switching the disc rotation control method when 
background formatting is often interrupted. 

Yet another object of the present invention 
is to provide a method and apparatus for 
recording/reproducing information, which shortens 
time required for background formatting. 

According to the present invention, the 
method for storing data in recording media using an 
information storage apparatus that has a plurality of 



rotation modes of the recording media, includes a 
step of formatting the recording media in a first 
rotation mode, a step of stopping, in response to a 
request for storing data in the recording media, the 
formatting of the recording media, a step of setting 
the recording media in a second rotation mode that is 
suitable for storing data in the recording media, a 
step of storing data in the recording media in the 
second rotation mode, a step of setting, in response 
to an end of storing data in the recording media, the 
recording media in the first rotation mode, and a 
step of resuming formatting of the recording media in 
the first rotation mode. 

The information storage apparatus to which 
the present invention is applied, therefore, can 
store data in the most suitable rotation mode for 
storing data, and format the recording media in the 
background in the most suitable rotation mode for 
formatting the recording media. Each of storing and 
formatting can be performed at a high efficiency. 

The method for storing data of the present 
invention is characterized in that the recording 
media formatted in the first rotation mode- is rotated 
at a maximum rotating speed at which the information 
storage apparatus can store data in the recording 
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media. 

Accordingly, the information storage 
apparatus can format the recording media, despite the 
rotation mode in which data is stored in the 
5 recording media, at the highest speed, resulting in 
reducing time required for the formatting. 

The method for storing data of the present 
invention is further characterized in that the first 
rotation mode is constant linear velocity (CLV) mode. 
10 Accordingly, in the case that, while the 

constant angular velocity (CAV) mode is suitable for 

D 

jflj storing data in response to a user's request, the CLV 

S mode is suitable for formatting the recording media, 

rU . 

II each of storing and formatting is performed in a 

gj 15 suitable rotation mode, resulting in good performance 

jy The method for storing data of the present 



Ms 



m 
in 



invention is further characterized in that the first 
rotation mode is a zone constant linear velocity mode 
Accordingly, in the case that, while the CAV 

20 mode is suitable for storing data in response to a 
user's request, the ZCLV mode is suitable for 
formatting the recording media, so that storing and 
formatting are each performed in a suitable rotation 
mode, resulting in good performance. 

25 The method for storing data of the present 



-9- 



invention can further include a step of measuring 
time, in response to an end of storing data in the 
recording media, wherein the step of resuming 
formatting the recording media is not performed until 
5 a predetermined period of time passes. 

The information storage apparatus stops 
formatting the recording media in the background 
whenever a user requests for storing data in the 
recording media or reproducing the data, and resumes 
10 formatting the recording media in the background 

y after storing and/or reproducing as requested by the 

■ UI 

tfl user is completed. If the information storage 

IS apparatus changes the rotation mode of the recording 

ru 

tjj' . media every time that it switches its operation from 

p 15 formatting to storing, or from storing to formatting, 
fjj a lot of time is lost changing the rotation mode of 

S : • 

p the recording media. This time loss results in a low 



efficiency and performance of storing data requested 
by the user and for formatting the recording media. 

20 By including a step of measuring time, in 

response to an end of storing data in the recording 
media, wherein the step of resuming of formatting the 
recording media is not performed until a 
predetermined period of time passes, the information 

25 storage apparatus switches the rotation mode less 
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frequently . 

The method for storing data of the present 
invention can further include a step of measuring 
time, in response to an end of storing data in the 
5 recording media, wherein formatting the recording 

media is resumed in the second rotation mode before a 
predetermined period of time passes. 

The information storage apparatus stops 
formatting the recording media in the background 
10 whenever a user requests for storing data in the 

recording media or reproducing the data, and resumes 



ill formatting the recording media in the background 



13 after storing and/or reproducing as requested by the 

ni 

J5 user is completed. If the information storage 

i! 

Q 15 apparatus changes the rotation mode of the recording 

jy. media every time that it switches its operation from 



formatting to storing, or from storing to formatting, 
it takes a lot of time to change the rotation mode of 
the recording media. This is a time loss that results 

20 in a low efficiency and performance of storing data 
requested by the user and for formatting the 
recording media. 

By including a step of measuring time, in 
response to an end of storing data in the recording 

25 media, wherein formatting the recording media is 



-11- 



resumed in the second rotation mode before a 
predetermined period of time passes the information 
storage apparatus switches the rotation mode less 
frequently, resulting in good performance for storing 
5 data requested by the user. 

The method for storing data of the present 
invention is characterized in that, after the 
predetermined period of time passes, said recording 
media is set in said first rotation mode. 
10 If the user, after the previous request for 

S storing data in the recording media, does not make 

ill another request during a predetermined period of time. 

m 

□ the information apparatus sets the recording media in 

ru 

i|| a rotation mode suitable for formatting after the 

Q 15 predetermined period of time passes. 

jy The recording media can be a rewritable 



optical disc such as CD-RW or DVD+RW. 

Other objects, features, and advantages of 
the present invention will be more apparent from the 
20 following detailed description when read in 
conjunction with the accompanying drawings. 



25 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an optical 
disc drive according to the first embodiment of the 



present invention ; 

Fig. 2 is a schematic drawing showing a step 
of the background formatting and the user data 
recording/reproduction of a DVD+RW disc; 

Fig. 3 is a schematic drawing showing 
another step of the background formatting and the 
user data recording/reproduction of a DVD+RW disc; 

Fig. 4 is a schematic drawing showing yet 
another step of the background formatting and the 
user data recording/reproduction of a DVD+RW disc; 

Fig. 5 is a schematic drawing showing yet 
another step of the background formatting and the 
user data recording/reproduction of a DVD+RW disc; 

Fig. 6 is a flowchart showing an operation 
of the background formatting according to the first 
embodiment of the present invention; 

Fig. 7 is a flowchart showing an operation 
of the background formatting as the second embodiment 
of the present invention; 

Fig. 8 is a flowchart showing another 
operation of the background formatting as the third 
embodiment of the present invention; 

Fig. 9 is a flowchart showing yet another 
operation of the background formatting as the fourth 
embodiment of the present invention; 
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Fig. 10 is a flowchart showing yet another 
operation of the background formatting as the fifth 
embodiment of the present invention; and 

Fig. 11 is a flowchart showing yet another 
operation of the background formatting as the sixth 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The first embodiment of the present 
invention is now described with reference to Figs. 1 
through 6. Fig. 1 is a block diagram showing the 
structure of an information storing and reproducing 
apparatus to which the embodiment is applied. The 
optical disc drive 2 , the information storing and 
reproducing apparatus, is a stand-alone drive 
connected to, or embedded in f a computer 1. 
Information recording media 3 is a rewritable optical 
disc such as a DVD+RW disc. 

In the optical disc drive 2, the information 
recording media 3 is rotated by a spindle motor 4 in 
the CAV mode, the CLV mode, or the ZCLV mode. An 
optical pickup 5, which emits a laser beam to the 
information recording media 3 rotated by the spindle 
motor 4 and is movable in the radial direction of the 
media, is provided as a recording/reproducing head. 
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The optical pickup 5 is provided with a semiconductor 
laser which emits a laser beam, an object lens which 
focuses the laser beam, a photo detecting system 
which detects signals such as signals reproduced in 
rays reflected by the information recording media 3 . 
The reproduced signal (readout information) detected 
by the photo detecting unit in the optical pickup 5 
is temporarily stored in a cache memory 8 after 
processed by a signal processing unit 7, and 
transferred to the computer 1 through an interface 9. 
The spindle motor 4, the optical pickup 5, and the 
servo motor 6 have corresponding control units 10, 11, 
and 12, respectively. A controller 13 consisting of a 
CPU, a ROM, and a RAM controls the control units 10, 
11, and 12 as well as a cache memory 8. Besides 
controlling the control units above, the controller 
13 further realizes various functions as explained 
later . 

The computer 1 consists of a CPU, a ROM, a 
RAM, and further includes a rigid disc drive or the 
memory media 14, such as a floppy disc (FD) or an 
optical disc, storing computer-readable computer 
programs. The memory media 14 stores a program for 
the controller 13 to control various functions. The 
computer 1 reads the computer program from the memory 



media 14 , and the controller 13 performs various 
functions of the present invention. 

This embodiment is based on a condition that 
the optical disc drive 2 has a background formatting 
function, of which operation will be described below 
with reference to Figs. 2 through 5. The Figs, 2 
through 5 are schematic drawings showing the storing 
of dummy data and the storing (recording) and 
reproduction of user data according to a user's 
request on a DVD+RW disc. 

When a blank disc is inserted, dummy data is 
stored in a portion of a lead-in area during the 
initial process of formatting so that data can be 
stored on the disc or reproduced in response to a 
user's request (Fig. 2). 

Dummy data is stored in an unrecorded region 
starting from the inner circle of the disc during the 
background formatting (Fig. 3) . When the user 
requests to store or reproduce data during this 
process, the background formatting is temporarily 
interrupted, and the user's request is performed 
first (Fig. 4) . Because the address of the data which 
the user requests to store or to reproduce changes at 
random, the CAV mode in which the rotating speed of 
the disc is constant regardless of the designated 
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address is more efficient. 

After performing the storing and reproducing 
of data in response to the user's request, the 
background formatting is resumed starting from the 
5 address formatted before the interruption (Fig. 5) . 

With reference to the flowchart in Fig. 6, 
the operation, after the beginning of the background 
formatting, of the optical disc drive 2 controlled by 
the controller 13 will now be described according to 
10 the first embodiment. Formatting in the background 
begins (Step SI) . The controller 13 checks whether 
j| the user requests to store or reproduce data (Step 

S2) . if the user requests to do so (Y branch of S2) , 
#J the controller 13 further checks whether the disc is 

0 15 rotating at a speed suitable for the storing and 

fjjr reproducing of the user's request (S3). If the disc 



D 



is not rotating at a speed corresponding to the speed 
of storage and reproduction designated by the user (N 
branch of S3) , the' controller' 13 changes the rotating 

20 speed of the spindle motor 4 through the rotation 

control unit 10 (S4) . The storing and reproducing of 
the user's request is performed (S5). The storage and 
reproduction requested by the user is controlled 
based on the CAV mode. 

25 On the other hand, if no request is made by 
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the user (N branch of S2), the controller 13 checks 
whether the background formatting is proceeding (S6) . 
If the background formatting is not being processed 
{N branch of S6) , the controller 13 further checks 
5 whether the current rotation speed is suitable for 
formatting the disc (S7) . If it is not suitable (N 
branch of S7) , the rotation speed of the spindle 
motor 4 is adjusted through the rotation control unit 
10 (S8) . The background formatting begins (S9) . The 
10 controller 13 checks whether the entire disc has been 
formatted (S10) . If the background formatting is not 

St. 

UV finished yet (N branch of S10) , the controller 13 

m 

3 continues the format. If the background formatting is 

|3 finished (Y branch of S10), the controller 13 ends 

II 15 the background formatting (Sll) . 



Accordingly, each of the storing and 



|j reproducing of data in response to a user's reguest 

and the background formatting is performed at the 
best speed in order to increase efficiency of both 
20 processes. 

The second embodiment of the present 
invention is now described with reference to Fig. 7, 
Steps common to the first embodiment described above 
and the second embodiment to be described below (and 
25 the other embodiments to be described after the 
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second) are referred to by the same numerals, and 
their description will be omitted. 

Fig. 7 is a flowchart showing the operation 
of the controller 13 to which the second embodiment 
is applied. Most of the steps are the same as those 
of the first embodiment, but if there is no user's 
request (N branch of S2) and the background 
formatting is not being performed (N branch of S6) , 
the controller 13 checks whether the disc rotation 
speed is set at the maximum speed at which the 
optical disc drive 2 can write (store) data (S12) . If 
it is not set at the maximum speed (N branch of S12) , 
the controller 13 increases the rotation speed of the 
spindle motor 4 up to the maximum through the 
rotation control unit 10 (S13) . Then, the controller 
13 starts the formatting in the background (S9) . 

Accordingly, the formatting process is 
always performed at the maximum speed at which the 
optical disc drive 2 can write, regardless of the 
speed of the storage and reproduction requested by 
the user, and the period required for the background 
formatting is reduced. 

The third embodiment of the present 
invention is described with reference to Fig. 8. Fig. 
8 is a flowchart showing the background operation. 
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This embodiment is almost identical to the first 
embodiment shown in Fig. 6, except that: if there is 
no user's request (N branch of S2) , and the 
background formatting is not being executed (N branch 
of S6) , the controller 13 checks whether the disc 
rotation speed is set to the CLV mode (S14) . If it is 
not set to the CLV mode (N branch of S14) , the 
controller 13 controls the spindle motor 4 through 
the rotation control unit 10 to set the CLV mode 
(S15) . Then, the controller 13 starts the background 
formatting (S9) . 

Accordingly, in the case that the storage 
and reproduction requested by the user fits the 
constant angular velocity (CAV) mode and the 
background formatting fits the constant linear 
velocity (CLV) mode, this embodiment enables the 
optical disc drive 2 to achieve the best performance 
in each case. 

The fourth embodiment of the present 
invention will be described below in reference to Fig. 
9. Fig. 9 is a flowchart showing the operation of the 
background formatting. The flowchart is almost the 
same as the flowchart shown in Fig. 8, but this 
embodiment checks whether the current setting of the 
disc rotation speed is the ZCLV mode (S16) if there 
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is no user's request (N branch of S2) , and the 
background formatting is not being performed (N 
branch of S6) . If the disc rotation speed is not set 
to the ZCLV mode (N branch of S16) , the controller 13 
5 sets the rotation of the spindle motor 4 to the ZCLV 
mode through the rotation control unit 10 (S17) , and 
then, starts the background formatting (S9) . 

Accordingly, in the case that the storage 
and reproduction requested by the user fits the 
10 constant angular velocity (CAV) mode and the 

background formatting fits the zone constant linear 
velocity (ZCLV) mode, this embodiment enables the 
optical disc drive 2 to achieve the best performance 

sU in both cases. 

n 

G5 15 The fifth embodiment of the present 

|y invention will be described below in reference to Fig, 

yip! 

10, a flowchart showing the operation of the 
background formatting . 

The background formatting begins (Step 1) . 
20 The controller 13 checks whether the user requests to 
store or reproduce data (Step S2) . If the user 
requests to do so { Y branch of S2) , the controller 13 
initializes (stops) a timer which will be described 
later (S18) . The controller 13 checks whether the 
25 disc is rotating at a speed suitable for the 



IS 

m 

■'08 

m 



ill 
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storing/reproducing requested by the user (S3). If 
the disc is not rotating at a speed corresponding to 
the speed of storage and reproduction designated by 
the user (N branch of S3) , the controller 13 changes 
5 the rotating speed of the spindle motor 4 through the 
rotation control unit 10 (S4). The storage and 
reproduction that is requested is performed (S5) . The 
storage and reproduction of the user's request is 
controlled based on the CAV mode. After performing 
10 the storage and reproduction requested by the user, 
the controller 13 starts the timer which indicates a 



□ 

111 predetermined period in which the background 



formatting will not be performed (S19) . 

On the other hand, if no request is made by 
g| 15 the user (N branch of S2), the controller 13 checks 



■jy whether the background formatting is proceeding (S6) . 



If the background formatting is not being processed 
(N branch of S6) , the controller 13 checks whether 
the timer is in operation (S20) . If the timer is not 
20 yet at time-out (N branch of S20) , the controller 13 
does not start the background formatting, but returns 
to the beginning of the flowchart and checks whether 
there is a user's request (S2) . If the timer is at 
time-out (Y branch of S20), the controller 13 further 
25 checks whether the current rotation speed is suitable 
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for formatting the disc (S7) . If it is not suitable 
(N branch of S7) , the rotation speed of the spindle 
motor 4 is adjusted through the rotation control unit 
10 (S8) . The background formatting begins (S9) . The 
* 5 controller 13 checks whether the entire disc has been 
formatted (S10) . If the background formatting is not 
finished yet (N branch of S10) , the controller 13 
continues the formatting. If the background 
formatting is finished (Y branch of S10) , the 
10 controller 13 initializes (stops) the timer (S21) . 
jg Then, the controller 13 ends the entire background 

2 formatting (Sll) . 

j3 According to this embodiment, even if the 

K ft* 

1*3 storage/reproduction requested by the user is 

i? 

Kf . 15 finished, the background formatting is not performed 
llj until the predetermined period of time passes. Under 

Ejj the condition such that the background formatting and 



nj 



the storage/reproduction requested by the user are 
frequently switched, this embodiment lowers the 

20 frequency of the switching of the media rotation 

control method, and sustains the performance of the 
read/reproduction requested by the user at a 
reasonable level. 

The sixth embodiment of the present 

25 invention will be described below in reference to Fig. 
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11, a flowchart showing the operation of the 
background formatting . 

The background formatting begins (Step 1) . 
The controller 13 checks whether the user requests to 
store or reproduce data (Step S2) . If the user 
requests to do so ( Y branch of S2) , the controller 13 
initializes (stops) a timer which will be described 
later (S18) . The controller 13 checks whether the 
disc is rotating at a speed suitable for the 
storing/reproducing of the user's request (S3). If 
the disc is not rotating at a speed corresponding to 
the speed of storing/reproducing designated by the 
user (N branch of S3) , the controller 13 changes the 
rotating speed of the spindle motor 4 through the 
rotation control unit 10 (S4) . The 
storage/reproduction of the user's request is 
performed (S5) . The storage/reproduction of the 
user's request is controlled based on the CAV mode. 
After performing the storage/reproduction requested 
by the user, the controller 13 starts the timer which 
indicates a predetermined period in which the 
background formatting will not be performed (S19) . 

On the other hand, if no request is made by 
the user (N branch of S2) , the controller 13 checks 
whether the background formatting is proceeding (S6) . 



If the background formatting is not being processed 
(N branch of S6) , the controller 13 commences the 
background formatting without changing the rotation 
speed (S9) . That is, the background formatting is 
performed using the disc rotation speed at which the 
storage/reproduction requested by the user has been 
performed . 

If the background formatting is being 
performed (Y branch of S6) , the controller 13 checks 
whether the timer is in operation (S20) . If the timer 
is not yet at time-out (N branch of S20) , the 
controller 13 checks whether the entire disc has been 
formatted (S10) . If the timer is at time-out (Y 
branch of S20) , the controller 13 further checks 
whether the current rotation speed is suitable for 
formatting the disc (S7) . If it is not suitable (N 
branch of S7) , the rotation speed of the spindle 
motor 4 is adjusted through the rotation control unit 
10 (S8) . The background formatting begins (S9) . That 
is, after the time-out of the timer, the speed of the 
background formatting is increased/ 

The controller 13 checks whether the entire 
disc has been formatted (S10) . If the background 
formatting is not finished yet (N branch of S10) , the 
controller 13 continues the formatting. If the 
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background formatting has been finished (Y branch of 
S10) , the controller 13 initializes (stops) the timer 
(S21) . Then, the controller 13 ends the entire 
background formatting (Sll) . 
5 According to this embodiment, even if the 

storage/reproduction requested by the user is 
finished, the background formatting is performed at 
the same speed as the storage/reproduction requested 
by the user until the predetermined period of time 
^ 10 passes. Under the condition such that the background 

p;. formatting and the storage/reproduction requested by 

tf* the user are frequently switched, this embodiment 

P 

p lowers the frequency of the switching in the media 

w . 

■0 rotation control method, and sustains the performance 

gj, 15 of the storage/reproduction requested by the user at 
|y; a reasonable level. If the user does not request a 



ry 



storage/reproduction for a predetermined period after 
the controller 13 resumes the background formatting, 
the controller 13 switches the speed to the CLV mode, 
20 which is higher than the CAV mode. This switching 

enables the optical disc drive 2 to choose a suitable 
speed for the background formatting, and results in 
the reduction in time required for the background 
formatting . 

25 The preferred embodiments of the present 



invention are described above. The present invention 
is not limited to these embodiments, but various 
variations and modifications may be made without 
departing from the scope of the present invention. 

This patent application is based on Japanese 
priority patent application No. 2001-021529 filed on 
January 30, 2001, the entire contents of which are 
hereby incorporated by reference. 



